In this paper, the homotopy analysis method (HAM) is considered to find the series solution of the linear Convection Diffusion (CD) equation. For this purpose, an algorithm is constructed based on the HAM and the convergence theorem is proved to warrant the series solution obtain from the HAM converges to the exact solution of the equation. Three examples are solved based on the proposed method to illustrate the efficiency and applicability of the HAM to solve the CD equation.
Introduction
Studying on nonlinear problems is an important topic in all areas of applied science and physics. Some of the most interesting features of physical systems are hidden in their nonlinear behavior. These kinds of problems can be studied by appropriate methods designed to solving nonlinear problems. Convection diffusion equation is a combination of the diffusion and convection (advection) equations, and describes physical phenomena where particles, energy, or other physical quantities are transferred inside a physical system due to two processes: diffusion and convection. This equation is a parabolic partial differential equation which describes physical phenomena. Some numerical and analytical methods for solving it have been presented so far, which are sorted by explicit and implicit methods in general [17] . In [8] the CD equation was solved with finite differences approximation. In [4, 15, 16] , the Adomian decomposition method was used to solve CD equation and in [7] the homotopy perturbation method was applied to find the solution of CD equation. In this work, we consider the following linear CD equation and the HAM is applied to solve it.
where c and γ are arbitrary constants. The rest of this paper is as follows. In Section 2, we introduce the basic definitions of homotopy analysis method.
In section 3, the main idea is presented and the algorithm of HAM is implemented on Eq.(1.1). Also, a theorem is proved to prove the convergence of the method. In Section 4, three examples are solved to show the importance of the proposed method and in the last section the conclusion is stated.
Homotopy analysis method
The HAM was proposed by Liao [9] . In recent years, this method has been employed to solve many types of linear or nonlinear problems in science and engineering [1, 2, 3, 5, 6, 10, 11, 12, 13, 14] . In this method, the solution is considered as the summation of an infinite series, which usually converges rapidly to the exact solution. In order to describe the HAM, we consider the following differential equation:
where N is a nonlinear operator, x and t denote the independent variables and u is an unknown function. By means of the HAM, we construct the zeroth-order deformation equation
where q ∈ [0, 1] is the embedding parameter, h ̸ = 0 is an auxiliary parameter, L is an auxiliary linear operator and H(x,t) is an auxiliary function. Φ(x,t; q) is an unknown function and u 0 (x,t) is an initial guess of u(x,t). It is obvious that when q = 0 and q = 1, we have:
respectively. therefore, as q increase from 0 to 1, the solution Φ(x,t; q) varies from the u 0 (x,t) to the exact solution u(x,t). By Taylor's theorem, we expand Φ(x,t; q) in a power series of the embedding parameter q as follows:
where
Let the initial guess u 0 (x,t), the auxiliary linear operator L, the nonzero auxiliary parameter h and the auxiliary function H(x,t) be properly chosen so that the power series (2.4) converges at q = 1, then, we have:
which must be one of the solution of the original nonlinear equation. Define the vectors
differentiating the zeroth order deformation (2.3) m times with respect to the embedding parameter q and then setting q = 0 and finally dividing theme by m!, we get the following mth order deformation equation:
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It should be emphasized that u m (x,t) for m ≥ 1 is governed by the linear equation (2.8) with initial conditions that come from the original problem [9] .
Main Idea
In order to explain the HAM for Eq.(1.1), we define the nonlinear operator as follows:
The m-th order deformation equation can be written as follows:
where We can write
From (3.15), we have,
According to the properties of the operator L, we have
From above expression and Eq. (3.12), we obtain
Since h ̸ = 0 and H(x,t) ̸ = 0, we have
and proof is completed.
Numerical Examples
In this section, three examples are solved according to the mentioned algorithm in previous section. The results have been provided by Mathematica. Tables 1 and 2 show the errors of the approximate solution at different points (x,t). Also, the error function is shown in Fig. 1 when t = 0.1. 7.27596E − 12 2.93221E − 9 3.74428E − 7 10 4.36557E − 11 9.54606E − 9
1.21504E − 6 In Tables 5 and 6 , the values of errors are determined at different given points (x,t). The figure of error and h-curve of the solution are plotted in Fig.3 and Fig.4 respectively. 
Conclusion
In this paper, we used the HAM to solve a linear Convection-Diffusion equation. In this case, the convergence theorem was proved to ensure the validity and reliability of the proposed method. The examples showed the accuracy and efficiency of the method. Therefore, the HAM is able to evaluate a satisfactory solution for CD equation and as a development of this work it can be applied to solve the nonlinear CD equation in general case.
